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(g) Method of and apparatus for inspecting end of object for defect 

@ A method of and an apparatus for inspecting 
an end of an object for a defect which can 
accurately detect any of defects caused by de- 
formation of the object end in horizontal and 
vertical directions. Light from an end of an 
object (3) is received by a pair of image sensors 
(1, 2) disposed at a predetenmined angle, and 
brightness outputs of picture elements of the 
image sensors are stored into a memory (15, 
16). From the stored signals, a bright line pro> 
duced by light from an edge of the object end is 
detected for each image sensor, and a position 
of the brig lit line is calculated as a digital 
amount from a number of picture elements for 
each image sensor. The digital amounts are 
added and subtracted between the image sen- 
sors, and a defect is Judged from results of the 
addition and subtraction. 
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This invention relates to a method of and an 
apparatus for inspecting an end portion of an object 
for a defect 

A method of inspecting a lip of a glass for a defect 
is conventionally known and disclosed, for example, 
in JP-A-1-129112. According to the method dis- 
closed, light is projected to the opposite inner and 
outer portions of a lip of an object and reflected light 
from the inner and outer portions of the lip is received 
by a single one-dimensional image sensor. When an 
output of the image sensor is talcen out if the lip is nor- 
mal, then the output presents two pulses correspond- 
ing to reflected light from the inner and outer portions 
of the lip. The distance between the two pulses varies 
In accordance with a thickness of the lip while the 
widths of the pulses vary in accx>rdance with a height 
of the lip but by small amounts. Thus, according to the 
method, the distance between the two pulses is com- 
pared with a reference value to detect an abnormal 
thickness of the lip, and the wklths of the pulses are 
compared with a reference value to detect an abnor- 
mal height of the lip. Besides, the fact that the lip has 
some uneven or convex and concave profile is detec- 
ted from absence of either of such pulses. 

According to the conventional method, a satisfac- 
tory result of inspection is obtained for a defect 
caused by deformation of the lip in a horizontal direc- 
tion since a pulse varies in response to a variation of 
the lip in the horizontal direction by an amount which 
increases in proportion to such variation of the lip. 
However, since the width of a pulse varies in response 
to a variation of the lip in a vertical direction but by a 
small amount a satisfactory result of inspection can- 
not be obtained for a defect caused by deformation of 
the lip in the vertical direction. Although it is possible 
to detect using the conventional method, a signific- 
antiy uneven, convex and concave profile of a lip 
because a pulse is absent it is very difficult to detect 
a defect such as a down sealing surface or a waving 
surface of a lip of an object which presents a continu- 
ously and moderately deformed profile in a vertical 
direction. 

It is an object of the present invention to provide 
a method of and an apparatus for inspecting an end 
of an object for a defect by which not only a defect 
caused by deformation of an end of an object in a hori- 
zontal direction but also another defect caused by 
deformation in a vertical direction can be detected 
with a high degree of accuracy. 

In order to attain the object, according to the pre- 
sent invention, there is [provided a method of inspect- 
ing an end portion of an object for a defect, which 
comprises the steps of receiving light from an end por- 
tion of an object by means of a pair of one- or two- 
dimensional image sensors disposed at a 
predetermined angle relative to each other, storing 
brightness outputs of individual picture elements of 
tiie image sensors into a memory, detecting, from the 



brightness signals from the memory, a bright line pro- 
vided by light from an edge of the end portion of the 
object individually for the image sensors, calculating 
positions of the bright lines as digital amounts from 

5 numbers of picture elements individually for the Image 
sensors, adding and subtracting the digital amounts 
to and from each other between the image sensors, 
and judging a defect from any of results of such addi- 
tion and subtraction. 

10 With the inspecting method, light from an end por- 

tion of an object is received by the pair of one- or two- 
dimensional image sensors, and brightness outputs 
of the picture elements of the image sensors are 
stored into the memory. A bright line provided by light 

15 from an edge of the end portion of the object is detec- 
ted for each of tiie image sensors from the brightness 
signals from the memory, and positions of the bright 
lines are calculated as digital amounts from numbers 
of picture elements individually for the image sensors. 

20 The digital amounts thus obtained are added to and 
subtracted from each other between the image sen- 
sors. By such addition and subtraction, a variation of 
the edge of the end portion of the object can be ext- 
racted as a horizontal component and a vertical conn- 

25 ponent, and a defect is judged from results of such 
addition and subtraction. Accordingly, not only a 
defect caused by deformation of the end portion of the 
object in the horizontal direction but also another 
defect caused by deformation of the end portion of the 

30 object in the vertical direction can be detected with a 
high degree of accuracy. 

In accordance with the present invention, the 
inspecting method is carried out by an apparatus for 
inspecting an end portion of an object for a defect, 

35 which comprises means for rotating or moving an 
object for inspection, a light source for projecting light 
upon an end portion of the object a pair of one- or two- 
dimensional image sensors disposed at a predeter- 
mined angle relative to each other for receiving 

40 reflected lig ht from the end portion of the object at dif- 
ferent angles, an A/0 converter for converting an 
analog output of each of the image sensors into a digi- 
tal value, a memory for storing the digital data 
obtained by such conversion for individual picture ele- 

45 ments therein, bright line detecting means for detect- 
ing, from the stored data, picture elements having 
brightness values higher than a predetermined 
threshold value for each of the image sensors to 
detect a bright line provided by light from the edge of 

50 the end portion of the object for each of the image sen- 
sors, bright line position detecting means for calculat- 
ing a position of tiie bright line as a digital amountfrom 
a number of picture elements for each of the image 
sensors, adding means and subtracting means for 

55 adding and subtracting the digital amounts to and 
from each other, and defect judging means forjudging 
a defect from any of results of such addition and sub- 
traction. 
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With the inspecting apparatus, not oniy a defect 
of the end portion of the object caused by deformation 
in a horizontal direction but also another defect 
caused by deformation in a vertical direction can be 
detected with a high degree of accuracy. 5 

Preferably, the inspecting apparatus further conv 
prises average value calculating means for calculat- 
ing an average value between those of the results of 
the subtraction obtained by said subtracting means 
for two points which are spaced from each other in a 10 
direction of the length of the bright line. Thus, also an 
eccentricity of an end portion of an object can be 
detected. 

The above and other objects, features and advan- 
tages of the present invention will become apparent is 
from the following description and the appended 
claims, taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWiNGS 20 

FIG. 1 is a diagrammatic representation illustrat- 
ing a concept of an inspecting method according 
to the present invention; 

FIG. 2 is a schematic diagrammatic view illustrat- 25 
ing a manner of carrying out an inspecting 
method according to the present invention; 
FIG. 3 is a diagrammatic representation showing 
routes of light in the inspecting method illustrated 
in FIG. 2; 30 
FIG. 4 is a block diagram of an inspecting 
apparatus according to the present invention; 
FIG. 5 is a diagram showing bright lines photo- 
graphed by a CCD camera when a lip of a glass 
is normal; 35 
FIG. 6 is a similar view but showing bright lines 
when a lip of a glass photographed by the CCD 
camera has a stepped portion thereon; 
FIG. 7 is a similar view but showing bright lines 
when the top face of a lip of a glass photographed 40 
has a corrugated profile; 

FIG. 8 is a schematic diagrammatic view illustrat- 
ing another manner of canying out the inspecting 
method of the present Invention; and 
FIG. 9 is a diagrammatic representation showing 45 
routes of light in the inspecting method illustrated 
in FIG. 8. 

Referring first to FIG. 1, there is illustrated a con- 
cept of an inspecting method according to the present 
invention. The inspecting method is carried out with so 
an Inspecting apparatus wherein first and second 
image sensors 1 and 2 are disposed at obliquely 
upper positions on the opposite sides of an upper end 
portion 3 of an object for inspection such that reflected 
light from the object end portion 3 is received by the 55 
image sensors 1 and 2. Here, it is assumed that the 
object end portion 3 is displaced by a variation A in a 
horizontal direction and by another variation B in a 
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vertical direction, and the first and second image sen- 
sors 1 and 2 are inclined by 90 degrees relative to 
each other and by 45 degrees with respect to the hori- 
zontal and vertical directions of such movement of the 
object end portion 3 as illustratively shown in FIG. 1. 
A total variation of the object end portion 3 detected 
by the first image sensor 1 is represented by S1 while 
a total variation of the object end portion 3 detected 
by the second image sensor 2 is represented by S2. 
The total variations S1 and S2 can be individually cal- 
culated from numbers of picture elements as counted 
witii the image sensors 1 and 2. Either of the total vari- 
ations S1 and S2 is a composite of a variation in the 
horizontal direction and another variation in the verth 
cat direction. When the variations are calculated by 
counting numbers of picture elements from above to 
below with the first image sensor 1 and from below to 
above with the second image sensor 2 as indicated by 
anrow marks individually assigned to the image sen- 
sors 1 and 2, variations a in the horizontal direction 
are equal in absolute value and same in sign between 
the two image sensors 1 and 2, but the variations b in 
the vertical direction are equal in absolute value but 
opposite in sign to each other, in particular, if the 
object end portion 3 moves in the leftward direction in 
FIG. 1 by the distance A, then it moves, on each of the 
image sensors 1 and 2, by the variation a in the direc- 
tion indicated by the arrow mark assigned thereto. 
But, if the object end portion 3 moves in the upward • 
direction in FIG. 1 by the distance B, then it moves by 
the distance b on the first image sensor 1 but in the 
direction opposite to the direction of the arrow mark 
assigned thereto, but it moves by the same distance 
b on the second image sensor 2 in the direction of the -. 
arrow mark. Consequentiy, when the object end por-. 
tion 3 makes a composite movement between such 
movements, it moves, on the first image sensor 1. by - 
a distance equal to a + (-b), but it moves, on the sec- 
ond image sensor 2, by another distance equal to a + 
b. Accordingly, the variations S1 and S2 can be rep- 
resented asS1 = a- bandS2 = a-i-b, respectively. 

Thus, by adding the variations S1 and S2, 
S1 + S2 = (a-b) + (a + b) = 2a 
is obtained, and consequentiy, the variations in the 
vertical direction are deleted while only the variations 
in the horizontal direction remain. Meanwhile, by sut>- 
tracting the variation S2 from the variation S1, 

S1 - S2 = (a - b) - (a + b) = -2b 
is obtained, and consequentiy, the variations in the 
horizontal direction are deleted while only the varia- 
tions in the vertical direction remain by taking an abso- 
lute value of theresult of the subtraction. 

In short, if digital amounts representing positions 
of bright lines obtained firom the image sensors 1 and 
2 are added to and subtracted from each other, then 
variations of edges of the object end portion 3 can be 
taken out as a horizontal component and a separate 
vertical component. Accordingly, not only a defect of 
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an object end portion caused by deformation of the 
object end portion in a horizontal direction but also 
another defect caused by deformation in a vertical 
direction can be detected with a high degree of accu- 
racy. 

The inspecting method will be described more in 
detail with reference to FIG. 2 wherein it is used to 
inspect a lip of a glass for a defect Glasses 3 of 
objects for inspection are transported one after 
another to a horizontal turntable 4 by means of a con- 
veyor not shown. A glass 3 on the tumtable 4 is 
rotated at least by one full rotation by the turntable 4. 
A pair of light sources 5 are disposed above the level 
of the tumtable 4 such that they project light obliquely 
to the opposite inner and outer portions of a lip of the 
glass 3, and a pair of CCD cameras 6 and 7 for photo- 
graphing illuminated locations of the glass 3 are dis- 
posed in a con-espondlng relationship above the light 
sources 5. The CCD cameras 6 and 7 are inclined 
such that optical axes 8 and 9 thereof make an equal 
angle (for example, 45 degrees) on the opposite sides 
witii respect to a top face of the lip of the glass 3, and 
the first CCD camera 6 photographs an illunninated 
portion of the lip of the glass 3 obliquely from the out- 
side of the glass 3 while the second CCD camera 7 
photographs another illuminated portion of the lip of 
the glass 3 obliquely from the inside of the glass 3. 
Routes of reflected light from the lip of the glass 3 in 
this instance are illustrated in FIG. 3. The CCD 
cameras 6 and 7 have lenses 10 and 11 and one- 
dimensional image sensors (line sensors) 1 and 2, re- 
spectively. Each of the one-dimensional image 
sensors 1 and 2 has a large number of photoelectric 
transducer elements disposed in a vertical column. 
Thus, reflected light from the lip of the glass 3 Is con- 
densed by the lenses 10 and 11 and introduced into 
the image sensors 1 and 2. Outputs of the image sen- 
sors 1 and 2 are converted into digital values by and 
fetched into a picture image processing apparatus 12 
which includes a CPU (central processing unit), a 
RAM (random access memory), a RDM (read only 
memory) and so forth so that they are picture proces- 
sed by the picture image processing apparatus 12 to 
inspect the lip of the glass 3 for a defect. 

Of light reflected fmm the lip of the glass 3 and 
introduced into the CCD cameras 6 and 7, light from 
two edges of the lip is highest in amount. Since the 
glass 3 is being rotated, when tiie CCD cameras 6 and 
7 successively photograph the lip of the glass 3 at a 
sufficiently small pitch, reflected light from the edges 
on the opposite inner and outer sides of the lip are 
photographed as two bright lines as shown in FIG. 5 
by each of the CCD cameras 6 and 7. Such two bright 
lines make, when the lip is normal, substantially par- 
allel straight lines with both of the two CCD cameras 
6 and 7. However, in case the lip has, for example, a 
stepped portion (so-called step defect), part of the 
bright lines is omitted or a protruded portion appears 



on either one of tiie bright lines as shown in FIG. 6 with 
both of the two CCD cameras 6 and 7. On the other 
hand, when the top face of the lip has a corrugated 
profile (so-cailed waving surface defect), the two 

5 bright lines present corrugated shapes as shown in 
FIG. 7. According to the present invention, a defect of 
a Mp is detected by detecting such an abnormal con- 
dition of a bright line as described above. 

General construction of the picture Image proces- 

10 sing apparatus 12 is shown in FIG. 4 wherein the pic- 
ture image processing apparatus 12 is shown 
constructed from different functions controlled by the 
CPU. Referring to FIG. 4, the picture image proces- 
sing apparatus 12 shown includes first and second 

15 analog to digital (A/D) converters 13 and 14, first and 
second memories 15 and 16, first and second bright 
line detecting means 17 and 18 and first and second 
bright line detecting means 19 and 20 all connected 
in series to the first and second image sensors 1 and 

20 2, respectively. The picture image processing 
apparatus 12 further includes a timing controller 21 . a 
subtracting means 23 and an adding means 23, an 
average value calculating means 24 and a defect 
judging means 25 connected commonly to the first 

25 and second series of circuits. 

Analog outputs of the first and second image sen- 
sors 1 and 2 are fetched in response to a speed of 
rotation of the glass 3 under the control of the timing 
controller 21 and converted into digital values by the 

30 first and second A/D converters 13 and 14, respect- 
ively. Then, digital data from the first and second A/D 
converters 1 3 and 1 4 for one full rotation of the glass 
3 are stored separately for individual picture elements 
into the memories 15 and 16, respectively. In short, a 

35 developed view of an entire circumference of the lip 
of the glass 3 as viewed flrom an ot)liquely upper posi- 
tion on the outer side of the glass 3 is divided into a 
large number of increments corresponding to indivi- 
dual picture elements, and brightness levels are 

40 stored into the first memory 1 5 for the individual incre- 
ments. Also, another developed view of the lip as 
viewed from another obliquely upper position on the 
inner side is similariy divided into a large number of 
increments and brightness levels are stored into the 

45 second memory 16 for Uie individual increments. 

The first bright line detecting means 17 detects, 
from among the picture element data for one rotation 
of the glass 3 stored in the first memory 15, those pic- 
ture element data which are higher than a predeter- 

50 mined threshold value, in short, those picture 
elements which have brightness levels higher than a 
predetermined level, to detect two bright lines (sets of 
continuous picture elements having brightness 
values higher than the predetermined level) originat- 

55 ing from the inner and outer edges of the lip of the 
glass 3. Similariy, the second bright line detecting 
means 18 detects, from among the picture element 
data for one rotation of the glass 3 stored in the sec- 
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ond memory 16, those picture elements having bright- 
ness levels higher than the predetermined level to 
detect two bright lines. It is to be noted that a bright 
line can otherwise be detected from a peak in bright- 
ness. 5 

Positions of those picture elements which are 
detected as constituting the bright lines by the first 
and second bright line detecting means 17 and 18 can 
each be determined by a number of elements 
included between the position and, when, for io 
example, an upper end or a tower end of the vertical 
column of the elements of the image sensor 1 or 2 is 
determined as a base point, such base point, in short, 
by a number of picture elements included between the 
position and the base point Thus, the first bright line is 
position detecting means 19 calculates positions of 
the two bright lines detected by the first bright line 
detecting means 1 7 from numbers of picture elements 
as counted in a downward direction from the upper 
base point while the second bright line position detect- 20 
ing means 20 calculates positions of the two bright 
lines detected by the second bright line detecting 
means 18 from numbers of picture elements as coun- 
ted, reversely to that of counting by the first bright line 
position detecting means 19, in an upward direction 25 
from the lower base point (refer to the arrow marks 
assigned to the image sensors 1 and 2 in FIG. 1). In 
this instance, the position of each of the bright lines 
is calculated separately with regard to a large number 
of points thereof. Accordingly, the digital amounts 30 
obtained by the first bright line position detecting 
means 19 represent positions of a large number of 
points of the opposite inner and outer edges of the lip 
of the glass 3 as viewed from the obliquely upper outer 
position while the digital amounts obtained by the sec- 35 
ond bright line position detecting means 20 represent 
positions of a large number of points of the opposite 
inner and outer edges of the lip as viewed from the 
obliquely upper inner position. 

The adding means 22 adds the digital amounts 40 
obtained by the second bright line position detecting 
means 20 to the digital amounts obtained by the first 
bright line position detecting means 1 9 while the sut>- 
tracting means 23 subtracts the digital amounts 
obtained by the second bright line position detecting 45 
means 20 from the digital amounts obtained by the 
first bright line position detecting means 19. Results 
of such addition by the adding means 22 represent the 
positions of the edges in the horizontal direction while 
results of the subtraction by the subtracting means 23 so 
represent the positions of the edges in the vertical 
direction as apparent from FIG. 1 and the foregoing 
description. 

The average value calculating means 24 calcu- 
lates, from the results of the subtraction by the sub- 55 
tracting means 23, in short, from the position data of 
the large number of points in the vertical direction, an 
average value of position data of two points spaced by 
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1 80 degrees by rotational angle of the glass 3. Also 
such average value calculation is performed for a 
large numberof points of each ofthe bright lines. If the 
lipoftheglass3 hasan uneven or varying height, then . 
also the positions of the bright lines are displaced cor- 
respondingly. If the period of a change in position (a 
change in height) of each of the bright lines is equal 
to a period of rotation of the glass 3 and regular, then 
an average value of position data of two points spaced 
by an angular distance of 180 degrees from each 
other will be constant similariy as in the case of a glass 
which presents no change in height because varia- 
tions of the posittons of them cancel each other. On 
the contrary if such positional change is irregular or 
the period of such change is different from the period 
of rotation ofthe glass 3, then the positional variations 
at the two points will not cancel each other, and con- 
sequentiy, an average value between them will not be 
constant. Further, the average value calculating 
means 24 also calculates a difference between posi- 
tion data of two points spaced by 1 80 degrees from 
each other. 

It is to be noted that an average value of position 
data of two points spaced by 180 degrees by^ . 
rotational angle of the glass 3 may be calculated simi- 
lariy with regard to results of addition obtained by the 
adding means 22, in short, positional data of a large 
number of points In the horizontal direction. In this 
instance, if the lip of the glass 3 is deformed in an ; 
eccenfric profile, then also the positions of the bright 
lines are displaced from positions of bright lines origi- 
nating from the lip of the glass 3 when it has a profile 
of a correct circle. Accordingly, average values thus 
calculated represent amounts of eccentricity of the 
individual points of ^e lip. 

The defect judging means 25 judges presence or, 
absence of a defect and, if presence of a defect is 
detected, then, it judges a kind, a size and so forth of 
such defect, from a relationship in magnitude among 
the results of the addition obtained by the adding 
means 22, the results of the subtraction obtained by 
the subtracting means 23 and the average values 
obtained by the average value calculating means 24. 
For example, a down sealing surface which is a defect 
that the top face of a lip of a glass is inclined toward 
the inner side or the outer side and a degree of such 
defect can be detected by judgment in magnitude of 
the results of the subtraction. Further, a waving sur- 
face which is a defect that the top face of a lip of a 
glass presents a conugated uneven profile and a deg- 
ree of such defect can be detected by judgment in 
magnitude of the average values of the results of the 
subtraction. Furthermore, an eccentric condition of a 
lip of a glass and a degree of such eccentricity can be 
detected by judgment in magnitude of the results of 
the addition similariy as in the case of the results of 
the subtraction, and an elliptic mouth which is a defect 
of deformation of a mouth of a glass into an elliptic pro- 
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file or a deformed mouth which is a defect of defor- 
mation of a mouth of a glass into an inregular profile 
and a degree of such defect can k>e detected by judg- 
ment in magnitude of average values of the results of 
the addition. Besides, a teardrop and a magnitude 
thereof can be detected by Judgment in magnitude of 
the results of both of the addition and the subtraction. 
In addition, a defect that a bright line is broken such 
as a bad or faulty bum-off or a chipped finish can be 
detected by judgment in magnitude or length of such 
broken portion of the bright line. Also a defect such as 
fine glass or a bad fire finish can be detected by judg- 
ment in magnitude of the results of both of the addition 
and the subtraction. The defect judging means 25 out- 
puts, when it judges that there is a defect an exclud- 
ing instruction signal to exclude the glass 3 from the 
transporting line. 

While the light sources 5 are prepared individually 
for the two CCD cameras 6 and 7 in the embodiment 
described above, alternatively a single light source 5 
may be installed intermediately between the CCD 
cameras 6 and 7 such that light may be projected firom 
just above the lip of the glass 3 as shown in FIG. 8. 
Routes of reflected light in this instance are illustra- 
tively shown in FIG. 9. Further, while a one-dimen- 
sional image sensor is employed for each of the first 
and second image sensors 1 and 2, alternatively a 
two-dimensional image sensor (area sensor) may be 
employed- Furthermore, it is also possible to perform 
inspection using three or more image sensors. It is 
also possible to inspect an article of an object for 
Inspection while the artide is. for example, being 
moved linearly. 

Having now fully described the Invention, it will be 
apparent to one of ordinary skill In the art that many 
changes and modifications can be made thereto with- 
out departing from the spirit and scope of the invention 
as set forth herein. 

It is to be understood that the accompanying 
claims are provided initially for the purpose of search 
under Article 92 EPC and, if unamended prior to publi- 
cation under Article 93 EPC, for defining the protec- 
tion afforded under Artide 67 EPC. In particular it is 
not the intention of the Applicant that the claims shall 
limit the content of the Application under Artide 123(2) 
EPC. which is to extend to any invention capable of 
being defined by a daim supported by the technical 
description of this Application In accordance with Arti- 
de 84 EPC. 



Claims 

1 . A method of Inspecting an end portion of an object 
for a defect, characterized in that it comprises the 
steps of receiving light from an end portion of an 
object (3) by means of a pair of one- or two-dimen- 
sional innage sensors (1, 2) disposed at a pre- 



determined angle relative to each other, storing 
brightness outputs of picture elements of said 
image sensors (1, 2) into a memory (15, 16). 
detecting, from the brightness signals from said 

5 memory (15, 16), a bright line provided by light 

from an edge of the end portion of the object (3) 
for each of said image sensors (1 , 2), calculating 
positions of the bright lines as digital amounts 
from numbers of picture elements individually for 

10 said image sensors (1 , 2), adding and subtracting 

the digital amounts to and from each other be- 
tween said image sensors (1, 2), and judging a 
defect from results of such addition and subtrao- 
tlon. 

15 

2. A method as set forth in daim 1 , characterized in 
that picture elements having brightness values 
higher than a predetermined threshold value are 
detected for each of said image sensors (1, 2) to 

20 detect a bright line provided by light from an edge 

of an end portion of an object (3) for each of sakJ 
image sensors (1, 2). 

3. A method as set forth in daim 1 , characterized in 
25 that it further comprises the step of calculating, 

subsequentiy to the adding and subtracting step, 
an average value between those of results of the 
addition or the subtraction for two points which 
are spaced from each other in a direction of the 
30 length of the bright line, and wherein, at the judg- 

ing step, a defect is judged from any of the results 
of the addition and subtraction as well as tiie thus 
calculated average value. 

35 4. An apparatus for Inspecting an end portion of an 
object for a defect, characterized in that it com- 
prises: 

means (4) for rotating or moving an object 
for inspection; 

40 a light source (5) for projecting light upon 

an end portion of the object (3); 

a pair of one- or two-dimensional Image 

sensors (1 . 2) disposed at a predetermined angle 

relative to each other for receiving reflected light 
45 from the end portion of the object (3) at different 

angles; 

an A/D converter (1 3, 14) for converting an 
analog output of each of sard image sensors (1 , 
2) Into a digital value; 

so a memory (15, 16) for storing the digital 

data obtained by such conversion for individual 
picture elements therein; 

bright line detecting means (17, 18) for 
detecting, from the stored data, picture elements 

55 having brightness values higher than a predeter- 

mined threshold value for each of said image sen- 
sors (1 . 2) to detect a bright line provided by light 
from the edge of the end portion of the object (3) 
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for each of said image sensors (1, 2); 

bright line position detecting means (19. 
20) for calculating a position of the bright line as 
a digital amount from a number of picture ele- 
ments for each of said image sensors (1 » 2); 5 

adding means (23) and subtracting means 
(22) for adding and subtracting the digital 
amounts to and from each other; and 

defect judging means (25) for judging a 
defect from any of results of such addition and io 
subtraction. 

5. An apparatus as set forth In claim 4, charac- 
terized in that it further comprises average value 
calculating means (24) for calculating an average is 
value between those of the results of the addition 
obtained by said adding means (23) for two points 
which are spaced from each other in a direction 

of the length of the bright line. 

20 

6. An apparatus as claimed in claim 4 or 5, charac- 
terized in that said Image sensors (1 , 2) are dis- 
posed substantially at an angle of 90 degrees 
relative to each other and at an angle of 45 deg- 
rees with respect to a pla ne In which the object (3) 25 
is rotated or moved. 

7. An apparatus as claimed in any one of clainns 4 
to 6, characterized in that it further comprises 
another light source (5) for projecting light upon 30 
an end portion of an object (3), the two light sour- 
ces (5) being disposed corresponding to said 
image sensors (1,2). 

35 
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